Introduction: Friction at the bracket-archwire interface has been observed as one of the most important factors affecting tooth movement. Hence it is importance to assess the friction generated during tooth movement to bring about optimal treatment results.
INTRODUCTION
Friction is defined as a force tangential to the common boundary of two bodies in contact that resists the motion or tendency to motion of one relative to the other. 1 It exists in two forms: static friction, which is the resistance that prevents actual motion, and dynamic (kinetic) friction, which exists during motion. 2 The efficiency of fixed appliance therapy depends on the fraction of force delivered with respect to the force applied; hence, high frictional forces due to the interaction between the bracket and the guiding archwire affect treatment outcomes and duration in a negative manner. 3 When sliding mechanics are used, friction occurs at the bracket-wire interface. Some of the applied force is therefore dissipated as friction, and the remainder is transferred to supporting structures of the tooth to mediate tooth movement. 4 Schumacher et al stated that friction is determined mostly by nature of ligation. Self-ligating brackets were introduced in the mid-1930s in the form of Russell attachment. Selfligating brackets are ligatureless bracket systems that have a mechanical device built into the bracket to close the slot. 5 Self-ligating brackets can be classified as active or passive; based on the mode of self-ligation. Active appliances have a spring clip that functions as the fourth wall of the bracket slot, hence making positive contact with the archwire. Passive appliances have a movable labial side that creates a hollow tube inside the bracket during closure. 6 Contemporary orthodontics provides service to great number of adults, especially women, thus the need for optimum cosmetic appearance of orthodontic appliances has been emphasized. As a result, ceramic brackets were introduction in 1986. 7 Thus the present study was conducted to compare the frictional forces between various ceramic brackets and archwires and also to compare the static and kinetic frictional forces respectively. Dr Yash Raj Bahadur. 1 Dr Deepak Kumar Agarwal, 2 Dr Ankur Gupta, 3 Dr P Narayana Prasad 4
MATERIALS AND METHOD
The present study was performed to evaluate the friction between different types of orthodontic ceramic brackets and wire of different sizes, cross-sections and alloys in the test distance was recorded. Each bracket and archwire was used for 10 tests and after 10 tests the sample was changed. 8 The static frictional force was measured as the initial rise or peak force required to initiate movement of the wire through the bracket and then halved. The drawing force required to maintain the movement beyond the point of initial displacement was averaged and then halved and recorded as the kinetic friction. Data were obtained at a rate of five readings per second. 9 Descriptive statistics were determined for all groups, which were used for comparison between the groups. The data 
DISCUSSION
Friction is the force that resists the movement of one surface past another and acts in a direction opposite the direction of movement. It is a function of the relative roughness of two surfaces in contact. 10 Frictional force has two components;
the initial friction between the arch wire and the bracket when a force is applied is termed as static friction and must be overcome to initiate tooth movement. As the tooth is moving, the second component to friction termed kinetic friction occurs with the arch wire moving in the direction of the applied force as it is guided through the molar and premolar bracket slots. 11
Ceramic brackets were introduced in orthodontics to meet increasing aesthetic demand, along with concerns about the
RESULT
Comparison of static frictional forces among three groups showed highly significant differences with the maximum static frictional forces being generated in conventionally ligated ceramic and the least being produced in passive self-ligating ceramic brackets. Both the ceramic self-ligating brackets showed no static frictional forces in conjunction with 0.018" stainless steel wires ( Table 2) . Similar results were observed when the kinetic frictional forces were evaluated ( Table 1) .
Comparison of the static and kinetic frictional forces in each of the three groups showed significant differences in all groups with the static frictional force being more in comparison to the kinetic frictional forces (Graph 1,2,3).
effect of corrosion and reaction to Nickel that leaches out of stainless steel-based material in oral cavity. These brackets are aesthetically superior and more biocompatible in nature. 12 The present day scenario in orthodontics emphasizes the aesthetic utility of ceramic brackets. However, the increased frictional resistance generated by ceramic brackets diminishes its effectiveness in clinical use. Hence the ceramic self-ligating brackets were introduced to combine the superior aesthetics of ceramic brackets with the reduced friction of self-ligating brackets. 13 The 0.018" round and 0.019"x0.025" rectangular wires are used in the present study to assess the effect of wires of different cross-sections and sizes on the frictional forces generated in different brackets. Earlier the stainless steel wires were the mainstay for orthodontic usage, but the aesthetic concerns have resulted in the evolution of newer aesthetic wires. Teflon or polytetrafluoroethylene is a material characterized by a completely fluoridated chain. It is an anti-adherent and aesthetic material that has excellent chemical inertia as well as good mechanical stability. 14 In the present study, when considering the 0.018" SS archwire, no frictional forces were generated with Group 1 and 2 whereas considerable static and kinetic frictional forces were generated with Group 3. Our findings are in agreement with studies conducted by Farronato et al, 14 Singh et al, 15 Brauchli et al 16 who stated that the active and interactive self-ligating brackets did not demonstrate any frictional forces with 0.018" SS wires and their conventional counterparts generated considerable frictional forces. Group 2 demonstrated levels of friction that were considerably lower than that of the Group 1 during sliding mechanics with a 0.019"x0.025" rectangular wire. The static and kinetic frictional forces exerted by Group 2 were minimal when compared to Group 1. Similarly the static and kinetic frictional forces exerted by Group 1 and 2 were lesser as compared to Group 3 in the present study. These results are in accordance with the studies conducted by Cacciafesta et al, 5 Stefanos et al, 9 Singh et al, 15 Brauchli et al, 16 Kannan et al, 17 Oliver et al, 18 Voudaris et al 19 who stated that interactive self-ligating brackets have higher static and kinetic frictional forces compared to passive selfligating brackets when coupled with 0.019"x0.025" SS wires, which is lesser than that generated by the conventionally ligated brackets.
When frictional forces were assessed during sliding mechanics with 0.019"x0.025" teflon coated stainless steel wire, it was found that, Group 2 demonstrated the least frictional force followed by Group 1. The maximum force was generated when Group 3 were used. These findings are in agreement The present study showed that the static friction was higher than kinetic friction in all brackets and archwire combinations.
Highly significant differences were seen in the results of the present study when comparing the static and kinetic frictional force in Group 1, Group 2 and Group 3. This is in accordance with the studies conducted by Cacciafesta et al, 5 Krishnan et al, 6 Stefanos et al, 9 Downing et al, 21 Kusy et al 22 who stated that the static friction is always greater than kinetic friction irrespective of the bracket or archwire combination used (Graph 1,2,3 ).
Since the present study was conducted in vitro, it has certain limitations. The test conditions may not really correspond to orthodontic tooth movement. Also the study was not designed to replicate the sliding mechanics according to the dental arch and the effect of saliva was not considered as no wet conditions were simulated.
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CONCLUSION
The present study enables to conclude the following:
• Self-ligating brackets produce less friction as compared to conventionally ligating brackets. Passive self-ligating brackets produce lesser friction than interactive selfligating brackets.
• As the archwire size and cross-section changes, the frictional resistance also changes. When 0.018" stainless steel wires are used with self-ligating brackets, no friction was generated and the frictional resistance increased when 0.019"x0.025" stainless steel wires are used.
• Static frictional force is always greater than kinetic friction, irrespective of bracket type or archwire used.
